Introduction
The development of biomaterials contributes to advances in medical technology, such as artificial organs, regenerative medicine and biodegradable substances. 1, 2 The design of biomaterials should consider the effects of the material properties and the structure on the interaction between the biological molecule and the material. For example, the influence of the functional groups on the material surface on the adsorption of proteins has been investigated using selfassembled monolayers. 3 In addition, the effects of the material properties on both cell adherence and cell proliferation have been evaluated. 4 At present, titanium alloy, ceramics, synthetic polymer and biopolymer are widely used as excellent biomaterials. Because the biocompatibility of the biopolymers is high, the material is commonly used to evaluate interactions between proteins and cells. As a biosensor, the biopolymer film was also effective for the immobilization of proteins as an environment to be served as a foundation for the sensing of biological molecules. Recently, biocomposite materials have attracted attention as supports for proteins. Ordóñez et al. reported an amperometric immunosensor with a graphitepolysulfone membrane. 5 Electrodes with carbon nanotubes may also be excellent biosensors. Using a polypyrrole-multiwalled carbon nanotube-glucose oxidase nanobiocomposite film, the detection of glucose was carried out using an electrochemical procedure. 6 Furthermore, an electrode with a tris(2,2¢-bipyridyl)-cobalt(III)-bovine serum albumin composite membrane for biosensors has been developed. 7 Chitin is a polysaccharide that is synthesized when units of the N-acetylglucosamine residue form b-1,4 linkages. Because of its high biocompatibility, the chitin is a suitable reaction field for binding of the biomolecules. A green bean homogenate was immobilized on chemically cross-linked chitin for the determination of caffeic acid. 8 The application of chitin-based materials to enzyme immobilization has also been attempted. 9 On the other hand, chitin powder forms a film when mixed with organic solvents. We previously reported on the voltammetric behavior of labeled sugars using an electrode covered with a wheat germ agglutinin (WGA)/chitin film. 10 The immobilization of WGA to the surface of chitin film was achieved due to the affinity of WGA for the N-acetylglucosamine residue of chitin. The film was evaluated by alterations in the peak current of N-acetylglucosamine labeled with an electroactive compound. As shown in the above examples, chitin has been used to provide a suitable reaction field for biomolecule binding. However, the film has suffered from its poor electroconductivity when used in electroanalysis, and a more sensitive procedure is needed to monitor the reaction.
In this study, an electrode covered with a chitin-film was constructed, and the addition of carbon powder to the film was studied to improve its electroconductivity for biological molecule detection. The film was readily prepared by the addition of carbon powder to chitin powder. The electrode response to biological molecules, such as ascorbic acid, FAD and NAD, increased due to the electron transport ability of carbon powder. That is, the peak current at the electrode with the carbon-chitin film was greater than that at an electrode using only a chitin film. The reversibility of the electrode response was also improved by use of the film. In addtion to FAD and NAD, some other fundamental properties of carbon-chitin film were investigated using [Fe (CN The redox activity of a chitin film on a glassy carbon electrode was remarkably improved by the addition of carbon powder to the film in the detection of ascorbic acid, flavin adenine dinucleotide (FAD) and nicotinamide adenine dinucleotide (NADH). Although oxidation of ascorbic acid using the electrode with the chitin film did not give an appreciable voltametric response, the addition of carbon powder to the film greatly improved its activity up to a 95% level of the bare carbon electrode. For FAD and NADH, an increase in each oxidation peak was observed in a similar manner. The improvement was due to electron mediation of the carbon powder contained in the film. Thus, the electrode effectively recovers the sensitivity for some biological molecules, and thus becomes a powerful device to monitor reactions between biological molecules. Because both carbon and chitin are materials with high biocompatibility, the film can be considered as cell scaffolds. Furthermore, the film immobilized on the plate has a possibility as an electrode in itself. 
Experimental

Apparatus
Electrochemical measurements were carried out using an ALS/CHI Instrument Model 612B. The working electrode was a glassy carbon electrode (diameter, 3 mm) (Model No. 2022, BAS). The electrode was polished with 1.0, 0.3, and 0.05 mm alumina (Baikoski International Corp., Charlotte, NC). The counter electrode was a platinum wire, and the reference electrode was Ag/AgCl (NaCl, sat.) (Model No. 11-2020, BAS). All potentials were measured against the Ag/AgCl electrode.
Reagents
Chitin powder was purchased from Funakoshi Co. Ltd. N,N-dimethylacetoamide (DMA) and 1-methyl-2-pyrrolidone (NMP) reagent were supplied from Wako Pure Industries. Carbon powder (TSP-1, 10 -20 mm) was obtained from Tokai Carbon Co. Ltd. A 0.1 M phosphate buffer (pH 5.6) with 0.1 M KH2PO4 and 0.1 M NaOH was used as both an incubation solution and a supporting electrolyte in electrochemical measurements. The supporting electrolyte before the measurement was deaerated using high-quality nitrogen. All reagents used were of analytical reagent grade.
Preparation of chitin and carbon-chitin films
When the carbon-chitin film was prepared, the ratio of carbon powder to chitin powder was calculated from the weight percentage. Chitin (0.075 g) was dissolved with DMA (1.6 g), NMP (1.6 g) and LiCl (0.25 g), and the solution was stirred at 4˚C until the chitin became gelatinous. For the chitin film, DMA (3.5 g), NMP (3.5 g) and carbon powder were added to the gel, which was made into a homogeneous solution by stirring. The solution (1.5 g) was transferred to petri dishes (diameter: 3 cm) and evaporated at 55˚C for 24 h. The prepared film was rinsed with pure water to eliminate the organic solvents, and was stored in pure water at 4˚C. The thickness of the film was about 0.01 mm. 12 The value was estimated for a dry film.
Procedure
Either the chitn film or carbon-chitin film (1.0 ¥ 1.0 cm) was held on a glassy carbon electrode by a rubber O-ring (Fig. 1) . This film can be used in the condition including moisture. The potential was scanned in a positive direction using cyclic voltammetry (scan rate, 50 mV/s). After scanning five times, the data were recorded. Ascorbic acid, flavin adenine dinucleotide (FAD) and nicotinamide adenine dinucleotide (NAD) at 5 ¥ 10 -4 M were used for voltammetric measurements.
Results and Discussion
A working mechanism proposed for a chitin film-covered electrode Figure 1 illustrates a working mechanism proposed for the chitin film studied here. The peak current of an electroactive compound at an electrode covered with chitin film is lower than that at a bare electrode due to poor electroconductivity of the chitin film. To recover the electrode response of the compound, a carbon-chitin film was prepared by the addition of carbon powder to chitin powder. Because the carbon-chitin film has electroconductivity, the response was improved by using the electrode covered with the film. That is, the carbon powder contained in the film mediated the electrode response.
Voltammetry of ascorbic acid at a glassy carbon electrode covered with chitin film
Voltammetric measurements for ascorbic acid were carried out at a glassy carbon electrode in a 0.1 M phosphate buffer at pH 5.6. Because ascorbic acid is related to the reduction of reactive oxygen, sensitive measurements of ascorbic acid are desirable to monitor redox reactions in living organisms. An oxidation peak current of ascorbic acid using the bare electrode was observed at 0.20 V, as shown in Fig. 2 . The oxidation peak of ascorbic acid obtained at the electrode with chitin film appeared at 0.35 V, and decreased compared with that at a bare electrode. This was because of a poor electroconductivity of the chitin film. In contrast, the peak current using the electrode with the carbonchitin film was closer to that at the bare electrode. The reversibility of the electrode response was also improved, and the oxidation peak potential of ascorbic acid approached 0.20 V. The results show that carbon powder contributes to an increase of the peak current and an improvement of the redox response. Carbon powder has been used to prepare a modified carbon paste electrode. 13 Consequently, it is expected that the carbon powder added in the film transmits electrons to the electrode surface. Table 1 gives the relationship between the peak current and the ratio of the carbon to chitin on the measurements for ascorbic acid. The peak current was defined as a difference between the peak top of each oxidation wave using the electrode with the carbon-chitin film and the current obtained at the bare electrode without ascorbic acid. An increase in the peak current was observed with increasing ratio in the range of 0 to 30%. However, the use of the film containing 35% carbon powder was difficult, because the elasticity of the film decreased. When a 30% carbon-chitin film was used, the peak current was recovered to 95% that of the peak current of the bare electrode. That is, it was clear that the carbon powder caused an increase in the peak current. Therefore, the carbon-chitin film has a possibility to be used as an electrode in itself when the film is immobilized on the plate.
Effect of the mixture ratio of carbon powder to chitin powder
Measurements of NAD and FAD at the electrode with carbonchitin film
NAD is important as a coenzyme of dehydrogenase in living organisms, and is known as a mediator. In measurements of NAD, an oxidation peak at -0.35 V increased with an increasing ratio of carbon to chitin. The peak current of 30% carbon powder became closer to that of a bare electrode (Table 1) .
FAD is a coenzyme form of riboflavin, and is related to metabolism in living organisms. The molecular weight of FAD is greater than that of ascorbic acid and NAD, and the structure of FAD is complicated. Therefore, it is expected that it is difficult for FAD to penetrate the chitin film (Fig. 3) . The addition of carbon powder to chitin improved the effectiveness of voltammetric measurements for FAD. The carbon-chitin film would be suitable for monitoring biological molecules, such NAD and FAD produced from metabolism. The highly sensitive detection of NAD and FAD, is important to measure a cell signal. In addition, it is expected that this material has the potential to function as a scaffold for cell cultures.
Voltammetry of [Fe(CN)6] 3-and [Ru(NH3)6] 3+ at a glassy carbon electrode
To investigate the charge-dependence of biomolecules in the carbon-chitin film, voltammograms of the hexacyanoferrate(III) ion with negative charge are shown in Fig. 4 . The voltammetric behavior was similar to that of ascorbic acid, and the reversibility of hexacyanoferrate(III) ion at the electrode was improved (Table 1) . However, the effect was not observed for either FAD or NAD. Any improvement of the reversibility may depend on the molecular size.
On the other hand, a voltammogram of the positively charged hexaammineruthenium(III) chloride was measured at an electrode covered with the carbon-chitin film. Because the acetylamide group of the chitin was protonated in a 0.1 M phosphate buffer (pH 5.6), the electrostatic repulsion between the hexaammineruthenium(III) ion and the film took place. Accordingly, the effect of conductive carbon was not observed in the measurements of hexaammineruthenium(III) ion using the carbon-chitin film. It is clear that the carbon-chitin film is suitable for sensing anionic biomolecules. The pKa1 of ascorbic acid is about 4.2, and the peak current was shown to increase. Measurements were carried out using cyclic voltammetry in 0.1 M phosphate buffer (pH 5.6) with 5 ¥ 10 -4 M substance. Ratio of each peak current at a bare electrode to that at an electrode covered with carbon-chitin lm. The film enhances the sensing of biomolecules, such as FAD (pKa2 3.3) and NAD (pKa 3.8).
Conclusion
In this study, a carbon-chitin film with high biocompatibility was readily prepared. The peak currents of some electroactive compounds obtained using the carbon-chitin film were greater than those using the chitin film alone. In addition, the reversibility of the electrode responses for ascorbic acid and hexacyanoferrate(III) was also improved. The material has a possibility for use as an electrode in itself when the conductive composite material is immobilized on the plate. The film can be considered as a superior reaction field for binding biomolecules. When a cell signal is measured, the sensitive detection of NAD and FAD is important. This may be an effective method for high-sensitivity biosensing in cells.
